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Gene Transfer into Human Lymphocytes by means of retroviral scFv cell ta rgeting vectors 

The invention relates to the gene transfer into human lymphocytes, in particular T- 
lymphocytes using retroviral scFv cell targeting vectors and the use of said vectors for gene 
therapy, vaccination therapy or diagnostics, in particular for the therapy of T-cell-associated 
diseases. 

The majority of retroviral vectors currently used in gene therapeutic research are 
derived from the amphotropic murine leukemia virus (MLV). The host cell range of the 
amphotropic MLV is determined by the surface envelope protein (SU) encoded by the env 
gene. The protein products of the env gene form the outer envelope of the retroviral vector. 
The SU proteins interact with i.e. bind to a particular protein (receptor) on the surface of the 
host cell. The env gene products of the amphotropic MLV allow the gene transfer in a large 
number of different manmial cells. However, a selective gene transfer into specific cell or 
tissue types of human or other mammals is not possible wdth amphotropic MLV vectors 
smce the receptor for the MLV envelope protein on the surface of mammal cells which 
mediates the entry of amphotropic MLV vectors and the gene transfer may be found on 
nearly all these cells. Thus, the host cell range of the amphotropic MLV is not specific. 

A host cell specificity e.g. is advantageous for the gene therapeutic use, since in a 
gene therapy outside of the organism (ex vivo) (Anderson et al., 1992; Yu et al., 1997) 
extensive purifications of the cells are avoided. For the therapeutic, diagnostic or vaccination 
use in vivo it is desired that retroviral vectors specifically target the desired host cells prior to 
the transfer of the therapeutic gene. A restriction of the host cell range of the amphotropic 
MLV could be achieved by modification of the surface envelope protein. A modification of 
the surface envelope protein was carried out by fusion with a hormone domain. The cells 
bearing the hormone receptor were transduced (Kasahara et al., 1995). Furthermore, the 
surface envelope protein has been modified by fusion with a single chain antibody fragment 
(single chain variable fragments, in the following also referred to as "scFv"). The fragment 
represented the antigen binding domain of an antibody and is a fusion protein composed of 
the variable domain Vh and VI of a monoclonal antibody. The two domains are bound via a 
glycine and serine oligopeptid [(-(ser-gly4)3-gly-)] enabling the correct folding of the fusion 
protein (Huston et al, 1991; Whitlow et al., 1991). All modifications carried out heretofore of 
the MLV surface envelope protein with a scFv show that although the vectors bound to the 
host target cell no entry into the cell occurred (Russel et al., 1993). Furthermore, it is known 
that the surface envelope protein of the MLV generally enables no extensive modifications 
(Cosset et al., 1995). Modifications in which a part of the binding domain of the MLV-SU 
protein has been replaced often led to an incorrect processing and thus to a defective 
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vector pTC53 and pTC53zeo Jiang et ah, 1998]), in which the entire surface envelope 
protein has been replaced against a single chain antibody fragment (scFv), retroviral vectors 
were delivered into the cell supernatant which bore in addition to the surface envelope wild- 
type protein also the chimeric [scFv-Env] surface protein on their surface. By means of said 
vectors the reporter gene could be transferred into the scFv-specific target cells. In the 
process described by Dombiu-g et al., for the preparation of cell specific retroviral vectors it 
is true that only already known and cloned scFv may be used. 

DE 19752854 Al describes a method for the preparation of cell type-specific 
targeting vectors derived from SNV. Up to now, 4 scFv-SNV targeting vectors have been 
described. They are directed against tumor markers, the transferrine receptor and the CD34 
surface antigen (Chu & Domburg, 1995, 1997, Jiang et al., 1997). Here, the scFv have been 
derived from monoclonal antibodies (mAb). Furthermore, pseudotype vectors of the type 
MLV (HTV) for specific transduction of human CD4-positive T cells have been described 
already (Schnierle & Stitz et al., 1997), 

However, no vectors have been described up to now, which are able to transduce 
human T-cells in a CD4-independent manner. 

Thus, an object of the present invention was to provide T-cell specific vectors which 
are able to transduce T cells in a CD4-independent manner. 

The object is solved by cell targeting vectors containing a DNA sequence encoding a 
single chain antibody fragment (single chain variable fragment, scFv), wherein the single 
chain antibody fragment has an amino-acid sequence according to any of the figures 1 to 5. 

In a preferred embodiment the cell targeting vector ftirther contains a DNA sequence 
encoding a SNV-env leader according to any of the figures 1 to 5. The cell targeting vectors 
according to the present invention are T-cell-specific, i.e. the vectors selectively induce 
human T cells in a CD4 independent manner. 

In a further preferred embodiment, the cell targeting vector is derived from SNV 
(Spleen Necrosis Virus), particularly preferred is the vector pTC53 derived from SNV. 

In a further embodiment of the present invention the cell targeting vectors of the 
invention contain a therapeutic gene. Thus, the invention also relates to the use of the cell 
targeting vectors of the invention for gene therapy, vaccination therapy or diagnostics. 

By having the scFv vectors of the invention the first scFv cell targeting vectors are 
available which are able to transduce human T cells in a CD4-independent manner with a 
differently high efficiency. 

By means of the vectors of the invention, it is now possible to treat following T-cell 
associated diseases. 

(i) Severe Combined hnmunodeficiency (SCID). This is a defect in the adenosine- 
desaminase gene (ada) or the gene encoding thyrosin kinase JAK-3 (Macchi et al., 1995). As 
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Example 1; 

Determination of the vector titers of 5 selected scFv on D17. C8166 and HeLa cells. 

For this purpose cell culture supematants were titered in three serial dilutions (1000 
|al, 100 ^l and 10 ^il) in a total volume of 1000 |al by adding 30 |ig/ml polybren on the cells 
(2 X 10^ D17 and HeLa, 5 x 10^ C8166). After a 1,5-2 h incubation period the vector 
containing supernatant was replaced by fresh medium. 

Following 48 h an X-gal staining was used to detect transduced cells (Mikawa et al,, 
1992), and the blue cells were counted. Tab. 1 shows the vector titers of the 5 selected scFv 
on D17, C8166 and HeLa cells. 

The titration on D17 (canine osteosarcoma cell line, Watanabe et al, 1983) ftmctions 
as a positive control for the vector production. The titre of > 10^ i.U./ml shows that all 5 
scFv packaging cell clones deliver vector particles into the cell culture supernatant with 
about the same efficiency. 

The titer on C8166 cells vary between 10^ and 10^ i.U./ml depending on scFv , while 
the transduction on HeLa cells revealed no appreciable titer. Said fact indicates a high 
selectivity for human T cells of all 5 scFv vectors. The 7A5 vectors most efficiently 
transduce human T cells (Table 1). 

Tab> 1: Vector titers of the 5 scFv vectors. 



Titer (i.U./ml) 

ScFv * D17 C8166 HeLa 



7A5 >10^ 1x10^ <10^ 

K6 >10^ 2,5x10^ <10^ 

7B2 >10^ 2x10^ <10^ 

7E4 >10^ 2x10^ <10^ 

6C3 >10^ 2x10^ <10^ 



Example 2; 

Further characterization of the vectors 

For a detailed characterization, further transduction experiments were carried out 
with the vectors. In Table 2, the results of the 7A5 vectors are represented. 
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iOX 6 O S -5. r K t i )^ 5 T O « Q T . Z ^ A. tJ 150 

"Sfii >'U!iG TCC' A^r jaac. ACC ©ipC C^-.C^- -AfiCi? iWSG -^S:^ A3^- €|CC -"KaS; QAC? Aec -^c Arpo -42^ 
I2X X :S 5 S T A * Xi a M S: S 1* It A 3 3 T A. K 

-TST Ta«::: T<Sr.. iqcs Aca; irrq ^^cr 6<sa: •jSA'f -*ie*' Mt jIbq*- Ajce- Ade: tec" esse ^tskc* 'iswe naic '^m 

'•^Ax T- -y c- A ft y S <J. Y .c :s- ' s e « a; t :3tso- 

4:31 TAC T?tc: Aim; .^jr^ ittJQ is&C: OSG gga acci ck? ;Stc Aes^ <3Te tea AcsA ixsr C3A: <3CC cat •5:4jQr 

.X«:i. y- Y- M D. "V: q; . S. C ^ .!> V- T- ' V 5 S. C S- 0: .iSft 

s:*3i tcsA sac sga liasr stsc tct eisq^ eksif see jOGA tcc cac. atc gitg atcs acc- <sw3 tgt- cct toc ^Q^t 

lax G <s ^ $ Q. jst" ^ « $ 0 X. V t; ;q s .2wi> 

AiCC cm TCT GCA. ttCr CI^A. GGA OAtZ AtSA 'QTC A^C A!?!^: ACT 7SC XSSG AGir ZAC? AAC ATT <€0 

aOl 7 2; a A 5 y C 53! A V?- T M ^ $1 A :S C> NT t 220 

$6^: AAT ATC tiGKj. tTO- <5Ce ^P®3 *3i3S CSie CAQ A?^ CTCA iSiGi^ AAA CCiC CGT AAG CTC CTG A!EC TAT 720 

S r ti^ «: 5 «^ x: J?, iq} -scf ' i-. p It- 3& :x !f a^te 

72^ 'AAS 0Ga TCC".A^ tTA iASSS' CC6 .27^:: CE^i tOii AGS tfC iti^' AC-r ^tSA rCT. GGG CIKCA .7BS: 

':|t4.=X :ic A 5 r 3C^: 8 :5 Ft V t S: ft ^ 0 S iS! d Q ? 3^4 

•Tsi =Tirfc: fiSfc A5k:""Aoc :<5GC' cier: oa^- ^acc -^i*?- gos- agt -tas? -tac irsx- caa- 

B :r r lie .T T: h L :<^: a fc- A s 3f. if 'C. .asic^ 

8*1 ^CCG "SA^- GAT^ AC5T SJJiC ^EtSG <5<«<5^ iSSak COS AfiS? a3«S: OTS^ iSNS. ATO A«A- CO«-«33. GGC SOeO; 

•aAi. H. r Xi s D V s: ? i& a se t- & x 'k a. a :30a 

^ox ;oeft "TtsB: .94t 

^Hi. A 5: 



<2:id=> 6 

<mi> 32:S 

by. SEQ . m.. WO:, i 
:ft|git JfeSp- Cj^^ .*h3?- ftsji Sell Arg 'Ala-. Glu GXy 1,5?^ Vjidt. -.IsSSj alai:- 
Ala iS^r: iXe l^eu. fe«.ct iieei* V^l Jkl.^ ^S^- '^rr^. JSty shis Gl-jf- 'Tte. 
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l!3ia?. .AiS: islti §ejt .«br- m.^* Jiiigf: -f^X^ wm^^ -J^- Me^^- -sai..ii^ 

Val Lys Qlxi Gin Ser c^y jSia Glxi- iieu Val Asrg^ ilg^ro 61;^ 1i?al Sier 
Sfl 5S :6-0 

VaJ: i*ys lie .S<*3r C^- I^j^b; ©iy S^r- Gly- -^S!* IFhec ;P3ae. '^Pita; jas|s GpLy^ 
SS . jjnc^ 7S 9-p 

^3tefc: Sfe^ Tinp iiUys <^ Hi^^ .Al^ Xiya Ser l^ea mu =Tir^- lie Ql.y 

as 90 

Il^: Setr -^Jiij; .tESni^ SLy -Asp 3?*i6 ^^^iS? • Tyir Ajsa r^lsi .Arg li^s 
IGO* 

eiy- ■tjhas' .ifis^fe Tter «kl Js^^ tys Scis: "ichpt -I0:jA 't^ 

iX-S iSS 

G3L.U: 3i^s4- ^^isr -^"P xi^^ ii^ist aI:^ 

1:3 0- xas 1:4.0- 

Arg iSer .Aap 01y Asa Gly -fyr l^yr =a*3rc Al^i I«eu .3\b© *tf?^ ^Jferp 
3L.4S iSd X'SS " 

Gl:ri. ^Gily 3?i^ V^i WS- S:ea^ Sex Gly Gly <5tLy Gly SelT Gly Gly' 

'MB i.7G' a,7;S 

Gte^ :gtisr Gl^y^ my Giy =^ty S;er jStsjp: 3aie Itieu isln. Ser 
3,jsci las 

:3er Ser: Leu Ma VaX. §ietr I*eu Gly Gjaj^ AIa. Tha? Zlfe- S^fer. .<3ys itetg 

'"^$'5: 2O0 20S 

Aia S^r :Gittx fiiear- Val ift^. S[er. Tyr Gly ?Vep :S« ^jte Trp 
2X0 2>LS: 3^:© 

aXtt Slii .i*ys Gly Gift' Pjtq P^i^d" liys lietu l*ea Xle Arg Ma: Sier 

' ^-iS 

-i^ta. ieia^ Gl\i. iS.er Gly "^^atl Pro :Ma .i&rg- ;3?iiei. " Sieje jaei^i? .q^ly S4^: 

i^fi. pHe- 'mm ism asp pt^ vai eisa ..Ajsg mm »a 

?|6if M« 

t?a£ -"t^ Ty^ Cy.s SOia Wefc 151:^ .Asp ?:3!^. 'W^. "^^y <SXy * 

-^BS 

.Giy- 'm?: Xii^tx Gliii Xyfe itseg: Ala 3GLa. Xla Bex my Ser GSy Sly 
25Fp 2S5 3s:&D 

Sly Gly fily Gly :^l:y sear ^ly ^Xy ^-ly <SlS^' ^ly 

S&r- jiiU? se^if "V^ 4m xii6 
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... ...e teu a« 

^ , *i^. .ia?* *^ »1* Al* 6i» • ^5 
• 3S- eiy Ala s»« 

Bi# ^^^^ ■ 

^ *«n Siie i.yH 

^rvx TDfer 3^ ^ 

«ai .asp 5«r^ «^ nats 

.t^i «l<ii* ^ 

_ ^33, .jy*. 

. .-.i-i* ikse sex • 

^. ^Me^ ^ ■■'^ ^ -^^^ .XSS 
^^'^ ^ se. -si^ ^^^y ^ U 

Bv« ikla lii^ ^^'^^^ • 

-Lett tbr 

4m ^ ^ a.9S 

. ^.^ .^te 1^ =^1?^ 

^ el *^ '^^H . 
-^iet: .li^ ^ 

. -^y *^ ^ IS 

. . -^Vt ^ ^ 
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a eisi aaa Ala. "EH- . . X g 



•ci^n- eiv eay ^• 
Ser Q3:y' Ses '"•^^ 3,^5 



.si-y aiy Giy 



.X.e« aau BTg ^^'^ 

<S#** lays 

^ T^t^ ^-^ ^"^"^ 

sex ^ ^5 ^ ^ 



a.^ Txp. ^ ^ x^. 4«« 

t^l-ft IfcS^- * 

^ i,y« Ma 120 , ^ ^ .C?» »a 

ce<r ^''^^ 
z^o ll« ^« ^ ^^^^ 
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.M.a Se^r. :&-rO: Gly ;Giai.. :i,ys Vat: TlMj :|;le. tiir Cya Sl^er .jfklsaii 5:01: gkr 
ids 2^10 so^s 

v^l Ser Tysr T«et: His: m^p- ©ixe Gin. filG Bys ?rp <3J,y Xto Se? ^P:^^ l^ysss 
aixij ;2^5 ii^o 

iieu- 1^ £ie Se?r ThJT- -S^ MM ill^fexl i^a Sly Xfel^ Pra Ala Azsgs 

5^5: :2:3^- »4S ^^^S' 

OPlaie- -iSlar ^-^^ ^3.:y Sear- ^Sly -acjr Tyx SeSr- -Jkm .XIa s«r .te::^. 

25® 2SS 

:Mefe- Mi0^ m^x h&p. Xla ma. TJSe ••pj^; -OiS^^ -Cys ma JSrg. Sear Ser 
2.fi!0 MS ^i^O 

iryr- :Pr©. ^JK&il. ICb* Bhe Slv . #«r-= ^^ly- 34ir • %:a- Leu SitX 3^g- Ala: 

2fl7.5. :a8B *.B:S 

jSiOLa Aia :Ser ©ly Ser Sly SJ,^ Gily Sear aly Cjiy QXy Sly Ser <5Xy 
23^0 340^ 

K3l3^ Gly ^ly 'Bet' Gity Gly S«r Gly ftl^ -ser 

iaas- :321a 

l:i:a- f»i?o= teti !t*eUL- Val .^Siy .X*em. SlSr 

Me^ AS© CVB lieu nSxr Asn= ]Eieu ferg^ Sey »l4i Gitf <Sly I.ys V«l ?ts^ ^qin 
isa^a. :S:er J*5?s. 1^6 .Xi^u q;!,^ liea^ .Le\i Val Ma Xisp -^^3^ ^ 

sjo 2s m 

=yfa# .3aa iCl-H vki -Sisr Thar- .Ma- .&r^- sa-^- <31n> Pj?o W-a im^- .Ai^. Gjni 
35 *<5 *.S- 

Vai ib^ts- Iifiu iSiLs ^Xn -B^. <3iy- ^O;^ Glvt I^^u. Val. Aacgr <3%" Ala 
56 !S5 ^0 

V^l liys Lea Ser xsys im s^er Gly Pbe^ sm FJae ^Sxr ser Tyr Tsrp 

:«S 7?> "75 

Meti Jten 'f:^ Val. Jjys l*evy l^ia <?ly GItt Gly ieu Qiii g^Le <^ 

«f$; ad -ss 

Mefc .ile fti^- Pr^> .Mi? se^' <S£u- ilir Ser lie^i. tijif- .aia lAs^ £yB 

10131 tOS' 1X0 
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- ei^ '^fS ^ 
, -.^i^ T.va SfSX »^ V-!*' . 

, liBtt Tar ^ i2S 

^ Ala ttw J*w isi^ 

■ se* -S"*^ ss* Aap seir 

. siv^y '^^ 

« , «sp xi« ^ ^ "^^^ «1 

■^^^ . « ii* Cy* ^* 

T^, lieu SMa Sftla s«c If ^4© 

lie Ser Tjf? ^!«*»^* ■ 

■fi«r S«Jr S*s J*^ • 

. toS tin: SSX 5^ «^ g| 

my «ai g .. _ 

ila t»x "3f^ ^'^ 
„ ^ Ria ^iii Vai Ala .^^^ 



. ^^.r ©iy S-ese 



2^ : 'Sm-*^ 

1 * , ^ =T« eiy Ebe ^ 

s*,?. ^i^ss- ^"-^ ^ 
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"^xr l^al. Stea: dchr Ala &rg Ai* Wvol Pt0 Miet Ala; mxx. 

Sl» .1^ jSfe caja Sep G% iMa itefc iiya 31,ys Sro^ Qi^- iSiia Seiti 

.lieu. iiS^s: Sle Sei? C^- iiys QXy «ly -^lawB^- -Ser ISar- tyx" Trp 

70; ?f *S 

5Sc|^ J^g- Mefc. 6ly By^ icsly Xett -CI*! f 1^ 

•8:5 ^ ?® 

3L#a. 5$,^ ^^ro IVissp :S^](Sf3C: fti^^ SJex^ Sm- Seir i&tee XJin 

:G3iSr i^lii '^^1 ncfer jae- Sea: mp:- '-^'^^ ^ ^er- Tfax li^s 
lis '^2Q: 

Sin: !!Fx|;s: S:e^ Seir ti»^ Ala Ser Ma Met^ Ty5: T^fsr C^s Ja.a 

3;;3"0- 13S; 

asrigr- '^al Ser -sa^y Tyr Cys. Se^r- S.efe thr'.-Sbz: Cyis -iE^fc- 3^*- sl^ffe "mp^' 

iSP iSs a»Q 

Aisp i2al. ^xp QXy ^ty !?3*r '^al ^3^X2?- ml S^i^Si 
q6€5^ 3.1^^ 

Sly rn^Y ^Sly Gl:^? Ser aiijg Gl3f iGj^ Ser JGly^ iSly tSl:^^ Sly «e?:^ 

:iXe Val .Met T^fti^ Sei? f 3rci •^'Ihr Ee?* S>^- Sc^ V^l -Gly asp 

.2fe^ ^??lL mjc^ Cys ma GSiii ftsa A^sn lie: IXp I^esXi 

3X0 a-l^ 

ma *fecp Tym. 0134 :Gla: feifcro ^Sly "B:^ .30.:a, ^j^s? ^^3^: l^u Leu: Xle ^^Eyr 
i2.2^ 3Et€h 

i^SPs ito thx i^. Glu S^- =G% ^1 Sr<s: S«r ^ Bls^ ^Giy ^er 

24^ -2^5 

my i^et Plxe ISter I»eu Gly Sifiu Qln iPx^ 

2:6« 26S 31:70 

As^ Kbfe Ala Ser Tyr Tyr Gya <3&a Arg Tyx Asp Ses: Asg rrrp Saar ghe 
2:75 '3-80 -SlftS 

Gly CalJi 'HaiT Iiivs l^m^ s3Lu i:ie S.ys ^tacs Ai^^ -^^^ 



